The immunopathologies of food allergies can involve Immunoglobulin E (IgE), or non-IgE, or have a mixed IgE and non-IgE response. In the past decade, food allergy manifestations have evolved and there have been increased reports of the latter two presentations. A case report of a young child with allergic eosinophilic gastroenterocolitis, with a mixed immune reaction is described. The nutritional management of the condition is reviewed.
INtRoductIoN
There has been an explosion of reports of gastrointestinal reactions to foods in the literature in recent years. The true incidence is, however, unknown.
Unlike the typically-recognised cutaneous and systemic forms of immunologicalmediated food hypersensivity, food allergies within the gastrointestinal tract are less apparent and may be difficult to establish. These disorders may encompass various immunopathologies from Immunoglobulin E (IgE)-mediated, mixed IgE/non-IgE-mediated that involves eosinophilic inflammation, to non-IgE-mediated reactions.
Allergic eosinophilic esophagitis (AEE) and gastroenterocolitis (AEG) have a mixed IgE/non-IgEmediated immune response. They are characterised by a variable infiltration of the esophagus, stomach and/or intestinal walls with eosinophils. Peripheral eosinophilia is found in approximately 50% of patients 1 . Other accompanying clinical presentations include failure to thrive, abdominal pain, irritability, gastric dysmotility, vomiting, diarrhoea, dysphagia, microcytic anaemia and hypoproteinaemia 2 . The diagnosis is dependent on the microscopic evaluation of gastrointestinal endoscopic biopsy samples. Skin prick testing with a panel of food and aeroallergens helps to identify sensitisations to specific allergens 2 .
On the other hand, Food Protein Induced Enterocolitis Syndrome (FPIES) is a severe infantile form of non-IgE associated food hypersensitivity typically caused by cow's milk and/or soy, although there are also case reports of FPIES caused by rice, oat, squash and sweet potato 3 . Manifestations FPIES are similar to the eosinophilic gastrointestinal disorders. While the presence of gut mucosal eosinophils are diagnostic of allergic eosinophilic gastroenteritis, there are no confirmatory laboratory diagnostic tests for FPIES. It has been reported that the profuse diarrhoea and vomiting presented in FPIES can cause acute dehydration, which may lead to circulatory collapse and shock in about 20% of patients 3 . The specific serum IgE to food allergens is typically absent in FPIES. While FPIES classically Proceedings of Singapore Healthcare  Volume 19  Number 1  2010 occur in the first few months of infancy and generally resolve by 2 to 3 years of age, eosinophilic gastrointestinal disorders may be more prolonged and last to adolescence or beyond 1 .
Our report describes a young child with allergic eosinophilic gastroenterocolitis, who presented with chronic anaemia and developed hypoalbuminaemia in the course of the manifestation of the disease. The nutritional management of children with non-IgE-mediated food allergies is also discussed.
cAsE REpoRt
A 1-year-old Bangladeshi boy presented to our hospital for a tertiary consult for chronic anaemia, malaena associated with peripheral eosinophilia and hypoalbuminaemia. There was no vomiting, abdominal pain or overt gastrointestinal bleeding and he was feeding well orally. His growth was average, but there was recent loss of weight. Physical examination was unremarkable, although he appeared pale. He had previously had multiple admissions to a local hospital in Bangladesh for non-bloody gastroenteritis, with low haemoglobin level, requiring blood transfusions between 6 months and 1 year of life. He was suspected to have a cow's milk protein allergy and his local physician advised on a total elimination of cow's milk protein to which his parents were non-compliant.
No diarrhoea or malaena was observed during this admission. A strict diet eliminating cow's milk and soy protein was enforced and an extensivelyhydrolysed formula was started. However it was not taken well. He continued to have a diet comprising of rice, chicken and lentils. He developed anarsarca and had an albumin level of 10g/L for which IV albumin was given. His haemoglobin level continued to decline from 12.9 to 10.3g/dL over the course of 1 week. Other blood investigations showed a raised white blood cell count (23.7 × 10 9 /L), high IgE and low IgG levels. Eosinophil counts increased from 8% to 27%. He was losing weight. Specific serum IgE antibodies to food allergens were detected: egg white (10.6kU/L), milk (0.72kU/L) and soybean (1.43kU/L), and equivocal results were detected for fish (0.56kU/L) and wheat (0.42kU/L). Meckel's scan was performed and it was negative for Meckel's diverticulum. He underwent endoscopy, and this revealed small elevated whitish papules in the duodenum (Fig. 1A ) and a mild non specific colitis ( Fig. 1B) . Biopsies taken from the oesophagus, stomach and duodenum showed normal histology. Colonic mucosa showed normal architecture and cellularity, with eosinophils (10 eosinophils per high powered field).
A diagnosis of allergic eosinophilic gastroenteritis, with protein-losing enteropathy was made and montelukast was started as an adjunctive pharmacological treatment for eosinophil gastroenteritis. Leukotriene inhibitors medications may improve symptoms in patients with AEG without improving the eosinophil numbers. As these have minimal side effects, the gastroenterologist and the allergist agreed to a 6 week trial. An elimination diet and an amino acidbased formula was introduced. An elemental diet was enforced over a period of 6 weeks. His albumin level improved and haemoglobin level stabilised with iron supplements. 
A b
Allergic At his 6-week review, he had gained weight and his blood test showed: albumin 37g/l, haemoglobin 13g/dL, eosinophil count 4%, WBC 9.25 10(9)/L. He was given a plan for the re-introduction of food, while continuing with the amino acid-based formula. The foods that were introduced were rice, chicken, carrot and pear in sequential order, with a concurrent reduction in the formula as his intake of foods increased. His haemoglobin level was maintained and eosinophil count remained low.
He was subsequently told to re-introduce one new food every 5 days, avoiding cow's milk protein, soy, eggs, fish and wheat.
dIscussIoN
The diagnosis of food allergies within the gastrointestinal tract is difficult, in part due to the complex manifestation, but more so due to the lack of definitive tests. It is not the intention of this paper to review the biology, diagnostic tests and the pharmacotherapy of allergic eosinophilic gastrointestinal disorders. These have been extensively reviewed elsewhere 2, 5 .
Dietary manipulation remains the mainstay of therapy for allergic eosinophilic gastrointestinal disorders. The elimination diet presents a way to ascertain the potential role of allergy, as well as to treat AEG 4, 5, 6 . Approximately half of patients with AEG are believed to respond to allergen-elimination diets, but resolution of symptoms often requires 3 to 8 weeks after the elimination diet 1 . Hypoallergenic diets may involve an extensively hydrolysed or amino acid-based formula or maternal elimination diets in breastfed infants 5 . A high proportion of children with complex gastrointestinal symptoms may require an amino-acid based formula, an elemental diet 4 . In the elemental diet, the protein in the formula is 100% non-allergenic amino acids and is formulated to be nutritionally complete to meet the recommended nutrient needs. However, the use of amino acids instead of whole protein affects the palatability of the formula, making it one of the major obstacles in achieving compliance. Therefore, implementing an elemental diet frequently requires the use of a naso-gastric or gastrostomy tube 6 . This case of AEG not only responded well to the trial of elemental diet after a week, as seen by the decreasing eosinophils counts, stable blood results, and a 5% weight gain over a month, he also managed without a naso-gastric tube. It may be attributed to his young age and a restricted diet. Santangelo & McCloud reported that young children with limited food experience are more receptive to an elemental diet and transition more easily to this treatment 6 .
On the other hand, if successful with the elimination diet, the prolonged restrictive diet may pose other feeding problems. In our case, the child, who had a limited food became accustomed to the amino acid formula and his parents subsequently faced much struggles to introducing foods. It would be advisable to warn parents that neophobia is common, even amongst healthy children, and they should be prepared that the child is not likely to return to eating immediately after a period of elemental diet. The dilemma of reducing the formula intake to fit in solid foods at the expense of compromising the nutritional status is perceptible.
Strict elimination of the offending food allergen(s) is the only proven therapy for food hypersensitivity 7 . Such diets should be undertaken with caution and supervision by a qualified dietitian, in order to ensure nutritional adequacy. It is necessary to evaluate which foods need to be eliminated, and to consider the nutritional impact of an elimination diet. Specific IgE antibodies tests may help to identify potential sensitising food allergens. A specially-tailored elimination diet can be implemented, and the flexibility of the diet is more likely to yield a good response. Spergel et al reported the use of skin prick and atopy patch testing as a way to help identify foods for dietary elimination, which resulted in significant improvement in both symptoms and esophageal inflammation amongst patients with AEE 8 . On the other hand, these tests may not prove to be helpful in non-IgE-mediated disease. When the laboratory tests fail to identify potential food allergens, then an oligoantigenic diet (diets that contain a very limited number of "less allergenic" foods) may be an alternative to the extreme approach of the elemental diet 4 . The approach uses a diet that eliminates most of the foods ingested daily and replaces with a group of "few foods" for a maximum duration of 2 weeks. If there are no signs of improvement of symptoms on the diet, then it is not likely that the diet would contain the solution to the problem 4 .Another variation of the elimination diet is the "six-food elimination diet", which removes empirically the 6 most common causative foods (milk, soy, eggs, wheat, peanuts/tree nuts and seafood) from the diet without extensive skin prick testing 7 . It may be less disturbing to the child and have positive compliance, but it may unnecessarily remove foods and alter the nutrient risk. In a group of 60 children with AEE, the six-food elimination diet was found to be significantly associated with clinical and histologic improvements, although the effect size was not compared to those on the elemental diet 9 . This case of AEG presented with clinical presentations that are commonly associated with poor nutrition, such as failure to thrive, anaemia and hypoalbuminaemia. The results of the specific serum IgE tests skin prick tests for cow's milk, egg white, soy, fish and wheat were helpful in determining the foods that would potentially trigger a relapse. These foods were avoided in the early phase of food re-introduction. On food reintroduction, foods known to be less likely to cause an allergic response were chosen, bearing in mind the need for nutritional adequacy.
The purpose of an elimination diet is to provide symptomatic relief from the food allergies. Inadequate calorie intake is common in children avoiding multiple foods and the foods that pose the greatest nutritional risk when removed from a child's diet include dairy, wheat and egg 7 . Therefore, to implement an elimination diet successfully, careful nutrition planning and adequate education are important to avoid macro-and micro-nutrient deficiencies.
coNclusIoN
The treatment approach for any form of food allergies is dietary management, with the objective of eliminating exposure to the food allergen. It has been reported that up to 70% of patients with AEG are atopic, while food-induced IgE-mediated reactions have been implicated in a subset of patients 1 . Allergen-elimination diets can be used as the main treatment for AEG, with adjunctive use of steroids, leukotriene inhibitors and mast cell stabilisers in patients who are unable to respond to or tolerate dietary treatment. However resolution of any symptoms may take 3-8 weeks after elimination of the allergens. There are several variations of an elimination diet. Based on the history and laboratory investigations such as skin prick tests, an appropriate dietary intervention to eliminate the allergenic foods can be made. The elemental diet can occasionally be justified for those who have not responded to a restricted diet, but this treatment should be very much a last resort, as suitable products are not only very costly, but are also very unpalatable and tube feeding may be necessary to achieve adequate nutrition 10 .
Long-term monitoring of the dietary compliance, as well as assessment of the quality of the diet is indispensable to ensure the nutritional intake of the young child is not compromised and maintain quality of life.
